Objective: To examine the trends in hospital readmissions in the fi rst year of life and identify whether changes in maternal and infant risk factors explain any changes.
Results: The number of infants readmitted to hospital up to age 1 year decreased by 10.5% (average annual reduction, 1.8%; 95% CI, − 1.7% to − 0.01%, P = 0.001), from 18.4 per 100 births in 2001 to 16.5 in 2009 . Fifty-fi ve per cent of this decrease could be explained by changes in factors that are associated with likelihood of hospitalisation; length of stay during the birth admission, maternal age and maternal smoking. The rate of readmissions for jaundice and feeding diffi culties increased signifi cantly over the study period, while readmissions for infections decreased.
Conclusions: There has been a decrease in the rate of infants readmitted to hospital in the fi rst year of life, which can be partly explained by increasing maternal age, decreasing maternal smoking and a shift to shorter length of hospital stay at birth. Improved maternal and neonatal care in hospital and increased postnatal support at home may have contributed to reduced risk of readmission.
I
n New South Wales, signifi cant health services are devoted to neonatal and infant health, with total costs per year for neonatal and infant hospital admissions estimated at about $380 million. 1 Analysis of the trends in health services utilisation can lead to improvements in health service delivery and effi cient allocation of health care resources; however, trends in infant hospital readmissions have not been investigated. Over the past decade, there has been an increase in births in Australia 2 and changes in the frequency of maternal and birth risk factors associated with infant readmissions, 1 including a decrease in the proportion of young mothers, a decrease in mothers who smoke and a gradual shift to planned births at earlier gestations. 3 The aim of this study was to examine the trends in hospital re admissions in the fi rst year of life and to investigate whether changes in the frequency of maternal and infant risk factors affected infant hospital re admissions at a population level.
Methods

Study population and data sources
The study population included all live births in NSW from 1 January 2001 through 31 December 2009. Data were obtained from two linked population health databases. Births were obtained from the NSW Perinatal Data Collection (PDC), a legislated population-based surveillance system of all births in NSW of у 20 weeks' gestation or where the baby has a birthweight of у 400 g. Infant hospitalisations were obtained from the Admitted Patient Data Collection (APDC), an administrative database of all public and private hospital admissions in NSW. The two databases, the PDC and APDC, were linked by the Centre for Health Record Linkage using probabilistic linkage. The proportion of missing data was small (0.02% of gestational age, 0.02% of maternal age and 0.06% of marital status data).
Study outcome
The study outcome was the number of infants readmitted to hospital at least once after discharge home from the birth admission to 1 year of age, per 100 live births each year. Interhospital transfers were included as part of the admission in which they occurred. Hospital admissions for routine circumcision were excluded as a NSW Health policy introduced during the study period directed circumcisions away from public hospitals to private hospitals and day clinics.
Explanatory variables
Explanatory variables available for analysis were identifi ed from a previous study and included maternal age, previous pregnancy history, maternal smoking, hospital type at birth, baby's length of stay at birth admission, gestational age, birth order, multiple births, severe neonatal morbidity and residential postcode, 1 which were all obtained from the PDC. Maternal marital status was obtained from the mother's APDC record. Maternal residential postcode was used to determine socioeconomic status (SES) and geographical region of residence. SES was derived based on scores from the Socio-Economic Indexes for Areas Index of Relative Socio-Economic Disadvantage produced by the Australian Bureau of Statistics 4 and categorised into low SES (< 20th percentile), average SES (20-80th percentile) and high SES (у 80th percentile). Geographical area of residence was based on the Accessibility/Remoteness Index of Australia and divided into major cities and regional and remote areas. 5 Severe neonatal morbidity was determined using the Neonatal Adverse Outcome Indicator. 6 
Data analysis
We compared the rate of infants admitted per 100 births in 2001 through 2009 for each of the maternal and infant risk factors of interest and for the most common principal diagnoses. Negative binomial regression was then used to estimate the annual percentage change in total readmission rates, and rates for each risk factor and for each condition.
Logistic regression models were developed using data from the start (infants born during 2001 and 2002) and the end of the study period (infants born during 2009) to compare changes in the risk of readmission over time. Due to signifi cant interactions, gestational age was combined with severe neonatal morbidity as one variable, and socioeconomic status was combined with geographical area. To estimate whether changes in the frequency of risk factors over time can explain changes in infant readmission rates, the predictive logistic regression model for infants born during 2001 and 2002 was applied to each subsequent year's data to determine the predicted number of infants admitted to hospital in each year. 1 If the predicted number of admissions was similar to the number observed, then this would suggest that the change in infant readmissions could be accounted for by changes in prevalence of risk factors. Conversely, any difference between the observed and predicted numbers would be caused by factors not included in the model. Over the study period, the proportion of infants born to mothers over the age of 35 years increased from 18% to 24%, and the proportion of infants born to mothers who smoked decreased from 17% to 12%. There was also a shift to shorter stays in hospital at birth; the proportion of infants discharged in the fi rst 2 days after birth increased from 28% to 36%, and the proportion of infants staying 5 days or more decreased from 33% to 23%.
The proportion of infants readmitted to hospital for each maternal and infant characteristic in 2001 and 2009, the average annual percentage change in the readmission rate and adjusted odds ratios for hospital readmission at the start and the end of the study period are shown in Box 2. The factors most strongly associated with hospital readmission did not change over the study period. These were maternal age less than 25 years, maternal smoking, length of stay at birth of 5 days or more, and infants born before 39 weeks' gestation (Box 2).
When the predictive model using data for infants born in 2001 and 2002 (Box 2) was applied to the following years' data, the predicted rate of hospital readmission decreased from the observed rate of 18.4 infants per 100 births, to an expected rate of 17.4 infants per 100 births admitted in 2009 (Box 1). Changes in the frequency of risk factors, predominantly the length of stay in the birth admission, maternal age and maternal smoking, explained 55% of the decrease in infant readmissions.
The most commonly diagnosed conditions that had a signifi cant decrease in the rate of readmissions over the study period were upper respiratory tract infections (− 1.6% per year; 95% CI, − 2.8% to − 0.3% per year), intestinal infectious diseases (− 3.2% per year; 95% CI, − 9.3% to − 0.5% per year) and viral infections (− 3.2% per year; 95% CI, − 5.4% to − 1.0% per year). There was a signifi cant increase in hospital readmissions for jaundice (8.1% per year; 95% CI, 5.9% to 10.3% per year) and feeding problems (3.5% per year; 95% CI, 1.0% to 5.6% per year).
Discussion
On average, over the study period, one in six infants were readmitted to hospital in the fi rst year of life, but there was a relative reduction in the infant readmission rate of 10.5% from 2001 to 2009. Factors associated with infant hospital readmissions include maternal smoking, maternal age less than 25 years, gestational age less than 39 weeks and longer hospital stay at birth. Over half of the total decrease can be explained by changes in the frequency of maternal and infant risk factors, predominantly a decrease in the length of stay in hospital at birth, an increase in maternal age and a decrease in maternal smoking. The decline in infant hospital admissions can be attributed to changes in maternal risk factors and more global policy changes, both of which can infl uence one another. Maternal smoking rates have been declining over the past 15 years in Australia. 7 Older mothers are less likely to smoke during pregnancy, while mothers who attend antenatal care earlier in their pregnancy are more likely to stop smoking. 8 Early antenatal visits were highlighted as a priority area for NSW Health policy in 2003, 9 with the proportion of women attending antenatal care before 14 weeks' gestation increasing from around 62% in 2003 to almost 80% in 2010. 10 During the study period, there was an overall shift to shorter lengths of stay in hospital during the birth admission. This may be due to a combination of improvements in maternal and neonatal care and policy changes. In NSW, one of the potential driving forces behind the increase in proportion of infants discharged in the fi rst 2 days is the Early Postnatal Discharge program, introduced in the 1980s and, more recently, the Midwifery Support Program, offering mothers midwifery support at home after early discharge. A large body of research has examined the impacts of early postnatal discharge with confl icting results; 11-14 11-14 however, follow-up home visits may reduce hospital readmissions. 15 15 There was also a decrease in the proportion of infants with a length of stay greater than 5 days. This may be attributable to improvements in technology and/ or changes in clinical practice which may have led to more effective treatment in these infants, reducing their risk of readmission.
We found that rates of admission for jaundice and feeding diffi culties increased over the study period. It has been shown that admissions to hospital for these conditions are associated with early discharge from hospital. 16 16 There has also been a gradual increase in the rate of infants born late preterm (34-36 weeks) and early term (37-38 weeks) in Australia in the past decade, 3 and these infants have an increased risk of admission to hospital for jaundice and feeding diffi culties. 16 16 Availability of non-hospital forms of health care can also impact hospital admissions. Although we do not have access to emergency department (ED) data, there were a number of changes to ED policy and practice in NSW over this period that may have reduced hospital admissions from the ED. These included introducing additional senior ED nurses who had a wider scope of practice 17 17 and opening after-hours general practice clinics at or near EDs, 18 18 with a recent study showing that such clinics were associated with a reduction in low-urgency presentations to the ED. 19 19 One of the interesting fi ndings from our study was a signifi cant decrease in the observed rate of infants admitted to hospital in 2004, followed by an increase in 2005 2 This large, unplanned increase in births put added pressure on maternity services 20 20 and would have subsequently placed an additional burden on non-hospital forms of health care, possibly leading infants back to hospital EDs.
The main strength of the study is the use of a large linked population health database that allows trends in infant hospitalisations to be examined at a population level. This information is known to be accurate and reliable with validation studies showing high levels of agreement with medical records. 21 21 However, one of the main limitations was the lack of individual-level data about breastfeeding status and other health service use, such as postnatal home visits, general practitioner visits, ED presentations and hospital bed availability. However, a recent state health report highlights that the average number of general hospital beds in NSW increased by about 20% over the study period. 22 22 We have shown that the rate of infants readmitted to hospital each year has been decreasing in NSW, and changing maternal and infant risk factors, particularly the shift to shorter stays during the birth admission, increasing maternal age and decreasing rates of maternal smoking, can explain over half of this decrease. Future research should investigate strategies for further reducing the burden on the health system of infant admissions, particularly those that may be prevented, such as strategies targeting specifi c groups of inf ants.
